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The unsltlvlty of Far111d111y,..ffect 11ensora Incorporating dlamagnetlcally substituted yttrium Iron garnet 
(VIG) Is potentially much higher than of unsora employing pure VIG. Results of Faraday rotation 
llnHrlty and Nn&ltlvlty meuurem1nt1111re prlNntld for g111lllum-substltutld VIG. At 500 Hz, the nolu· 
equivalent magnetic fleld la 111pproxlmat1ly 100pTNHz. 

Introduction 
Fiber=optic magnetic field sensors based on the 

Faraday effect in ferrimagnetic iron garnets exhibit much 
greater sensitivity than similar Faraday-effect sensors 
based on more conventional diamagnetic materials. 1 

Recently, measurements made with yttrium iron garnet 
(Y3Fe5o12 , also known as YIG} exhibited a noise floor of 
10 nT; JHz and a flat frequency response to frequencies 
greater than 500 MHz. 2 Other iron garnets, however, 
should perform even 
better, partic
ularly in terms of 
sensitivity. For 
ferrimagnetic 
Faraday-effect 
sensor materials, 
including the iron 
garnets, the 
sensitivity is 
ideally given by 
the ratio of the 
saturation Faraday 
rotation, e, 111 , to 
the product 'or the 
demagnetization 
factor, N0 , and the 
s a t u r a t i o n 
magnetization, MHt. 
As shown in Fig. 1, 
the sensitivity at 
1.3 µm of a YIG 
sample 5 mm in 
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Pigure 1, Dependence of Faraday 
rotation on applied magnetic field 
for pure YIG sample 3 mm long and 5 
mm in diameter. 

diameter and 3 mm in length is~ o.7 deg/mT. 
We have found that, by substituting an appropriate 



number of diamagnetic ions, such as Ga3·, for certain Fe3· 
ions in YIG, the sensitivity is substantially increased. 
such an increase is apparently caused by a shift in the 
balance between the magnetic sublattices which determine 
both eF t and M18t. 

3 This idea was first used to improve 
the per·/;rmance of magneto-optic light modulators. 3 • For 
magnetic field sensing, this method of tailoring the 
magnetic and magneto-optic properties permits the 
measurement of smaller magnetic fields. 

Properties of Galliua-substituted YIG 
The composition of gallium-substituted YIG is 

generally written {Y} 3 (Fe2.xGalJ (F83.yGa")01~, where x and y 
refer to the amount of ga lium sw:,st1tution in the 
octahedral and tetrahedral sublattices, respectively. 
The specific distribution of the gallium ions among the 
octahedral and tetrahedral sites influences both the 
magnetic5•6 and magneto-optic7 properties, and is itself 
partly dependent on the sample's thermal history. 6 For 
the specific sample8 for which we obtained results, x+y 
:::: 1 and M

51
t:::: 24 kA/m (in Gaussian units, 4,rM,.t::::: JOO G). 

This composition was chosen because of previous reports 
that it produced a significant increase in the ratio, 
eF,,at/M51t, compared with pure 'iIG. 3 More specifically, 
t.tfas substitution was found to reduce M

18
t by about 85% 

(compared to 'iIG) while only reducing e,,,t by about 35% 
(at 1.52 µm). The sample was 1 mm in diame~er and 3 mm in 
length, and thus had an approximate demagnetization 
factor of 0.109. 9 

Results 
The Faraday 

rotation was 
measured as a 
function of applied 
magnetic field 
using a chopped 
source, an 
electromagnet, a 
differential 
detection system 
and a lock-in 
amplifier. The 
source waa a laser 
diode which eaitted 
1. J µm radiation. 
The data, shown in 
Fig. 2, were taken 
over one entire 
cycle of the 
magnetic field. 
The data exhibit a 
well-defined linear 
region between± l 
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~iqure 2 . Dependence of Faraday 
rotation on applied magnetic field 
for gallium-substituted 'iIG sample 3 
mm long and l mm in diameter. 
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mT with negligible hysteresis. The slope of the linear 
region is approximately 20 deg/mT. For fields greater 
than 1 mT, the slope decreases sharply but does not 
approach zero within the limits of the plot. This 
behavior is unlike that of pure YIG, 2 shown in Fig. 1, 
which exhibits a linear response bounded by well-defined 
saturation regions that have zero slope. 

The noise-equivalent magnetic field was measured 
using the apparatus described in Ref. 2. An ac magnetic 
field of magnitude µ 0H = 10· 7 T (rms) and frequency 500 Hz 
was applied to the sample with Helmholtz coils. The dual 
outputs of a differential detection system were fed to an 
analog differential amplifier which was connected to a 
signal analyzer. The equivalent noise bandwidth of the 
signal analyzer was 
0.187 Hz. The data 
are shown in Fig. 
3. The signal-to-
noise ratio is 
approximately 68 dB 
which produces a 
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value of the noise
equivalent magnetic 
field of 
approximately 100 > -80 
pT/IHz. This 

> fB •60 -
figure represents a 
substantial (-100-
fold) improvement 
over the previous 
best noise
equivalent magnetic 
field obtained with 
pure YIG. 2 

conclusion 
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Figure l. Spectral noise data 
obtained with gallium-substituted 
YIG sample exposed to 10·7 T rms, 500 
Hz, magnetic field. The noise
equivalent magnetic field is~ 100 
pT/IHz. 

Substituted iron garnets constitute a class of 
materials with widely tunable magnetic and magneto-optic 
properties which make them suitable elements for Faraday
effect magnetic field sensors. Specifically, certain 
diamagnetic substitutions in yttrium iron garnet reduce 
Mt much more than e,~t· This results in a significant 
i~crease in sensitiv1ly. For magnetic field sensing, 
these materials should also display a linear dependence 
of Faraday rotation on applied magnetic field with no 
significant hysteresis. Gallium-substituted YIG appears 
to satisfy these requirements while exhibiting 
substantially greater sensitivity than YIG. 

Other iron garnet compositions, however, should be 
even more sensitive. For example, certain bismuth
substituted iron garnets have much greater values of eF lat 
than YIG or gallium-substituted YIG. 10 If such materia s 



were additionally "designed" to have small values of M 
their sensitivity could far exceed the results report~d 
here. 

This paper represents work of the U.S. Government and is 
not subject to copyright. 
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